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SECTION 1
INTRODUCTION

This document provides a summary of laboratory capabilities used by
the Farth Observation Division (E0D} for processing Earth resources
data and will be updated to reflect new capabilities as they are
developed. Tt also provides the division analysis teams with a
reference for planning purposes and an aid in the Aevelopment of data
handling and screening plans.

PURPOSE

The purpose of this décument is to provide a list and summary
description of all the NASA Lyndon B, Johnsoun Space Center (JSC)
laboratory capabilities available to EOD personnel for processing
Parth resources data. The bibliography at the end of each section
provides further sources of information.

SCOPE .

The scope of this document is concerned with electronic capabilities,
photographic capabilities, and capabilities cross-reference tables.,
The electronic capabilities sectiqn pertains to those facilities and
systems that use electronic products (magnetic tape, punched cards,
paper tape, etc.) as input and electronic and/or photographic products
as output. The photographic capabilities section pertains to
equipment that uses photographic images as input and electronic and/or
photographic products as output. The capaﬁilities cross-reference
table summarizes processing steps,.

A general hardware description is presented for each of the data
processing systems and the titles of computer programs are used to
identify the capabilities and data flow.
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SECTION 2
ELECTRONIC CAPABILITIES

THE JSC PUOFDUE TERMINAL FACILITY

The Purdue University remote-terminal Aata-commuonications facility
provides the user with a direct link to an IBM=-360/67 computer located '
in the Taboratory for Applicaticns of Bemote Sensing (LARS) at Purdue
University. Evaluation of data suhmitted for processing under current
LARSYS technigues Version TIIT through punched card or keyboard input
and punched card or érinter listing output is available. {Magnetic
tape output is available, but a 1-week mail delay is to ke

anticipated.)}

Present equipment includes one IBM~2780~-2 data terminal, two IBM-2741
data terminals, one Data Point 3300 data terminal, and one Hazeltine
2000 data terminal, Terminal communication is multiplexed; hence, all
terminals may be operated simultaneously. (Future expansjon includes
leased-line communhications to Government Services Administration {GSA)
computer network, Dallas/Fort Worth region, which will have LARSYS
version IIT available in the last quarter of 1374,)

Outputs are in the form of graphs, data histograms, and tables of
printed data values., The terminals are operated on a nonscheduled
basis: however, users should investigate avajlable training sessions
hefore attempting to use the facility. The facility is loecated in
room 2062, huilding 17. Contact John Sargent, TFi, 4R3I-64T8 to
schedule training sessions.

Sensgr Capabilities

The sensor capabilities consist of any senscr data in LARSYS format.
Programs_ = LARSYS Version III

The LARSYS monitor program reguests, initializes, and causes to be
executed major processing functions as listed inm A through F.
Ancillary packages are listed in 6 through L. PFigure 2-1 shows the
overall organization of LARSYS.

B. Statistics processor (STASUP) - The statistics processor produces
histograms, spectral plots, and mean and correlation matrices for
given classes or fields.
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F. Point classification processor (CLRSUPf - This program, using a
paximum=-likelihood~classification rule classifies multispectral
Aata on a point-by-point basis.

C. Print results processor (PRISUP} - This display ptogram offers
various ways of presenting classification results such as
printouts, gray scale maps, outlines of test and training fields,
tables of data, performance tables, user request summary, and
results file listing.

D. Separability processor'(SEPsnP} - This program provides for
selection of the sat of channels that will give the most accurate
classification hy the classify~peints function.

F. Cluster processotr (CLUSUP) - This program uses an unsupervised
classification (clustering) algorithm to classify individual data
peints into a predefined number of clusters. The cluster
FLoCessor 6utput is a map of clustered arrvays and/or punchad cards
of the same,

F. Sample classification processor (SAMSUP) - This program implemen+s
a statistical distance measure for classifying samples (test
fields) from the multispectral imaqge data tape.

G. Pistogram processor (HISSUP)

H, DPictureprint function (PICSUP)

I. Graph function (GRHSOR)

J. Image display function (IMASUPR)

K. Result function {(RESSIP)

L. Function {FUNSUP)
Bibligraphy

LARSYS Users' Manual, Purdue Univ., June 1, 1973, vol, 1, LARSYS ITI
Program Ahstracts Manual: vol. 2, LARSYS ITI System Manual; and vol,
3, LABSYS III 0Users' Manual. This information is kept in the terminal
area.

Flores, L. M.: Sumrary of Information Obtained Concerning the Purdue
Remote Terminal, TM-642-46T, May 1972.
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Figure 2-1.- LARSYS version III (NASA-S5-74-3503).
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THR JSC EARTH RESOURCES INTERRCTIVE PROCESSING SYSTEM (ERIPS)

General

The FRIPS is an interactive graphics system implement=d at the JSC to
he usad in the processing and investigation technique development for
remctely sensed Earth resources data. 1tThis system allows the analyst
to analyze data as it is being processed. The RRIPS presently handles
9-track, 8900-bpi computer-compatible tapes (CCT) in the ERTS
multispectral scannsr {MS5) bulk, LARSYS and Universal formats.,
Universal format nine-track tapes, as well as printer listings, are
available as output in addition to Polaroid color photographs and
micrafiche of image displavs.

The FRIPS consists of an IBM-360/75 computer and two special-purpose
interactive Hazeltine terminals located in the Real-Time Computer
Complex (RTCC), building 30, J5C. Each terminal consists of a
special-purpose keyboard, black-and-white image monitor (lamndscane)
alphanumeric monitor {(convarsational) and a shared, color-image
monitor. Two additional remote terminals are scheduled for
installation in the building 17 Data Applications Laboratory.

Sensor_Capabilities

The sensor capabilities include any sensor data in ERTS MSS bulk,

LARSYS IY, or universal format.

Special Capabilities

The capability of interaction between the ccmputer and the user is
developed through the conversational monitor. The monitor disolays
menus from which the user, through the keyboard and grafacon, can
choose the many options involved in image registration and spectral
pattern recognition. The user receives almost instantaneous response
to his choices of channels, éouputations, et cetera. These choices
and subsequent computer responses may then be hard¢npied for future
reference.

Program - _Versiopn FRIPS_EOD_VI02h

Figure 2-2 shows the flow chart for the PRIPS version EOD Y3020, The
updated ERIPS software package EOD ¥903 was scheduled for availability
approximately May 16, 1974,

Pattern_recognitjon.- The pattern recognition application performs
multispectral analysis of data. It has as a base the Purdue LARSYS

program dated June 10, 1971. The pattern recognition program can

2=5
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slas=ify every picture alement or group of mlemants {fields),

including £0 user-defined classes,

Image_registration.- Image registration, if desired, can be

accomplished by two methods. One method is to conform an input image
of a given scene to a reference image of the same scene (imags/image).
Anothaer method is to map the input images onto predefined
latitude/longitudz grids (image/qrid).

Thare may be three outputs obtained from the registration computation:
a display of the final registered image located in the core on anv of
the landscape monitors,'a microfiche output through normal FRIPS-
associated hardware, and an output tape of the final reqgistered imaae,
An additiona) function of image composition may be used whera

irage/image registration is heing performed.

Load_application.- The load application provides the ERIPS user with

four different capabilities. Pirst, it provides for loading image
data frem CCT in various formats (sec. 2.2.1) onto the system disk
packs for analysis. Second, it provides imaqe data transfer from disk
to tape in the universal format for future use on RRIPS, or any other
data system that can process the universal format (i.e., data analysis
statation (DASY, Mnivac production film recorder). Third, it provides
image viewing on the image screan directly from tape and the selection
of an area of the total image to be loaded for further processing or
analysis. Fourth, it generates, upon reguest, a report containina
keader information for any imagqge. '

Irage _creation application.- The image creation application allows the

svstem user to take two images containing the same number of lines and
pixels and combine them into one picture of two images. The most
common use of this application will he to take two registered images
and then combine them into one picture that can then We submittad to
the pattern recognition processor for temporal/spectral analysis.

Image panipulation and display application.~ The image manipulation

play (IMD) application displays an image on the landscape-
television (TV) with a maximum of 16 shades of gray or B colors. In
addition to displaying an image, the IMD provides the user with image
ranifulation capabilities to scroll and magnify.

Delog_application.- The delog application allows the user to have a
printed copy of his menus/reports generated after his run. The

2-6
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Figure 2-2.- ERIPS version ECD V902D (NASA-S-74-3499).
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printad copy will be sent to the user to the address shown on the

signecn menu.
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FARTH RESOURCES PRODUCTION PROCESSING PACILITY

Geperal

The Farth resources production processing facility consists of
equirment that is capable of taking Skylab 28-track instrumeﬁtation
tape and aircraft 14-track instrumentation tape and outputting film
images, fplots, tahulations and universal formatted CCT. By inputting
options to certain proqrams, a limited amount of analysis is possible
{i.e., statistics can he obtained for some sensor data). This
facility is located in building 30. Output products are availabhle by
submitting a data request form and supplementary sheet to John
Sargent, TF4 713-483-6478.

Sensor Capabjlities
This facility is designed to accept both aircraft and Farth Raesources
Experimental Package (FREP) sensor data.

Spacial Capabilities
The special capabilities are documented as standard data products.

Progranms

The Barth resources production processing facility 1s coamitted to
take aircraft and EREP gensor data and cutput certain standard data
products; therefore, programs are sensor oriented and are well
documented in the TR=523 and TR-524 docusents.
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Farth Resources Production Processing Requirements for Aircraft
Electronic Sensors, TR=-523.

Farth Rasources Production Processing Reguirements for TREP ©“lectrtonic
Sensors, TR-524.

Earth Besources NData Format Control Book, TR-543

Skylah Program FRFP questigators Informaticn Book, MSC-07B74,
Tarth Resonrces Oparations Handbook (EROH)}, LEC-0719,
RULTISPECTRAL SCANNER DATA ANALYSTS SYSTEM

General

The M55 NAS (fig, 2-3) features an SEL-810B computer-controlled
hardware/software configuration, including a multichannel analog-ta-
digital (A/D) converter subsystem. The system can be used +to disnlay,
scraen, index, edit, or reformat multichannel imagery data. Th=
inputs are pulse-code-modulation (PCM} encoded or freguency-modulated
(FM) racorded analog magnatic tape, or nine-track CCT. The cutputs
are a three-channel black-and-white film record, a single-channel
black-and-whita film record, punched cards, alphanumeric displav,
visicorder, printer listing, and CCT. Digitizing is provided by tha
5FL-700 &/D subsystam, The MSS DAS is located in room 2062, huildinag
17, and system time can be scheduled by John Sargent, TF4, 713-4R3-
6474,

Sensor Capahjlities

This system will accept multichannel imagery data rescord=d in ECH,
analog data using direct or FM record techaniques, or nine-track CCT.
Existing softvare will process Farth Resources Technology Satellite A
(FRTS-1), 24-band M55, 5-192, modular multispectral scanner (M25), RS-
7, BRS-14 and Reconofax IV data. Processing of other sensor data mavy
be available upon raquest. Existing software packages vwill process
nine-track CCT in ERTS-A, multispectral data system (MS5NS), LARSYS,

universal, BS-14, or color study format.
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. Figure 2-3.- MSS/DAS system block diagram (first of two data
techniques laboratory facilities) (NASA-S-74-3500).
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Special_Capabilities

A 52% Jine by 7C0 element color TV monitor is used for display and
screening of imagery data consisting of selected channel data.
Scresning is accomplished by data being selectad by cursor for further
analysis. Precision 2dits are made using coordinate selection from
grid-overlayed imagery previously processed on film or visicorder
output copy. Visicorder products are available on- ar offline (sec.
2.10.)

Erograps

PRIECEDING PAGE gQIjANK NOT FILMED

Irproved MSDS Qgggraﬁ for_cecorditq, ting, and_scriening (IMPRES).-

The IMPRES program provides a moderately high-speed screening and

editing canability for MSS data. The IMPRES has a basic sensor=-tape
color-screening rate of 7-1/2 ips hlack-and-white at 15 ips. Specific
area aditing mayhe salected via cursor use or manual entry of the
coordinata table through the teletype (TTY).

sSuperspeed screening_program_(55SP) _fgr viewing.- This program
provides screening and film-edit capability for M55 and M23 data.
Color display from sensor tape speed at 15 ips and black-and-white at
30 ips is featured. Simultaneous filming of two channels on black-
and-white film at 15 ips is available. Coordinate grid overlay on the
film or display imagery is optionally available, Annotation is
accompliéhed by TTY or card-reader input,

The N25_scregning anid_editipng program.- This program has hasic

screening and editing capability for M25 data. The progras can screen
thres channels at a sensor tape speed of 15 ips. It is also capable
of transfering edited sensor data from PCM tape to digital CCT tape in
LARSYS format.

§z192_screening and_edjting program (SES-192).- Basic screening is
accomplished in single-channel black-and-white mode at 30 ips sensor
tape speed. Editing is performed on a LARSYS output CCT. PFdits of
five channels or less take place at 15 ips. Up to 12 channels can he
run at 3-3/4 ips. Two minutes of single-channel 5-192 data can be
cutput on one CCT, or 12 seconds of 12 channels.

the conical sensor sveep using a sine function to refit the data. &
CCT of up to three channels of SES5-192 data can be input for
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processing. Output areas are selactable on a scan-line hasis. Output
data are in LARSYS format on nine-track CCT.

LARS-check ppogranm (LESCHEl.- This program provides color or black-
and-=white screening and black-and-white film editing nf any LARSYS
format tape. Gain, bias control, and channel selection is available
through the operator TTY¥, Tapes are verified for proper formatting,
including sequential record counts, and checked for possible parity
errors. Coordinate gqrid overlay is optionai.

LARSYS histogram prodram (LBSH3T).- Input is LARSYS CCT. The operator
controls channel selecticon and tha area houndaries %o be histogrammed
via TTY input. Outputs consist of image display, film recorder, or

line-printer listing. Susmary listing is alsc provided.

M5DS_histogram progran_ {METH) .- The MSDS histogram prograam functions
the same as the LRSHST, except MSDS format data is input.

ERTS_to LARSYS conversion {(ELA8S}.- This program inputs and converts
bulk ERTS-A WSS CCT tapes and outputs nine-track CCT in the LARSYS
format for display via LARS-check and further processing. (Pracision
MSS format tapes cannot be used.)

converts to, and displays in MSDS format, bulk M55 imagery from the
ERTS. (Precision M5S format tapes cannot be used.)

HMSDS_to LARSYS IIT imaaery format conversion proggas {NSDSL3).- The
M5D5 to LARSYS T1I conversion program reformats entire M5DS edits to
LARSYS IIT format to provide an input into the Univac larqe*scalé
computer facilities.

Bendix_ali-chappel tape_cop¥Y PEogras (BACTC).- The BACTC extracts
selected portions of the 1lU-track analog BCM S~-192 imagery data tape
and transfers these data to nine-~track CCT. COperator parameter
selaection and processing control is achieved through the alphanumeric
keyboard display and console interrupt switches. These reformatted
data can then be submitted to the Univac large-scale computer systenm
for further processing.

Eeyboard _jinspect and _change {XIC).— Tha keyboard inspect and change
program is a programmer/operator aid that provides the capability of

2=14
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inspecting and/or modifying core image contents wvia the KSR
telerrinter.

§-192 universal formatter (S2UF}.- The S520F program inputs 5-192
imagery data from nine-track CCT in the ACTC (or BACTC-PASS2) format,
reformats it to imagery data universal format and creates another
nine~tract CCT.

Verify (VRFY).- VRFY is a utility support program that comnpares
records on an original and copy of nine-track CCT data to determine

exact duplication.

Universal screeping_and_editing_prograp {USEP).- The USEP is used to
display, display and film record partial width, or display and film

record full-width image data. Input to the program is data collected
from various EBarth resources sensors {i.e., 5-192 and MSS5) written on
9-+rack, B0C bpi CCT in the imagery data universal format. Palse
color is available through the linear transformation equation for each
celor.

LT = [G.' (c:.I +-B1) + c;z(c2 + Bz) + G3(C3 + 33)] +D

Duplicate_ ([pUp], DUP2).- Duplicate is a utility support program that
transfers data from one media to another (i.e., tape to cards, cards
to tape).

1I0S-B-Y¥HRR scamner screenipg.and_editing program (VARR).-~ Weather
satellite analog YERR data is input through the SEL-700 A/D systenm.
Color TY display is provided for screening purposes. The edit mode
outputs a LARSYS CCT. Extra calibration and annotation is incladed on
the output tape. Special operator setup procedures are required.

Both visible and infrared channel data are recorded. Backup mode )

option is also provided.

General-purpose digitizing program {GPDZ}.- Various analog sensor data’ ‘
{i.e., BS-7, RS-14, Reconcfax IV} are inpot through the SEL-700 A/D
system. Capability erxist for up to 12 channeks of sensor data to be
digitized and edited into LARSYS format output CCT. Black-and-vhite
£ilm ahd TV display output is also available., ¢This proqram could
potent;ally support the digitizing of any analog sansgt}data. Special
operator setup procedures are required. Calibration alements are

currently not provided on the output CCT. o . 4

22151
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LARSYS_I_to_ MSDS conversion_ (LIMSDS) .~ The LARSYS T to HSDS conversion

program reformats LARSYS {version T) input CCT to the MSDS format CrcT.
Further processing may then be accomplished by use of the MSDS or %aPps

programs.

LABSYS_IJ results program description (LRSRES).- The LARSYS II results
program converts the Purdue classification results inpaot tapes to 9-
track, 800 bpi anniversal format tapes.

The 24-channel display (24CHAN).- The 2d-channel display progran
displays all 24 channels of data from an MSD5 edit CCT in order to

provide a quick-1look assassmant of the gquality of the ipagery on each
of the 24 video chann2le., Black-and-white TV display is used. Tapes
made with fewer than 24 channels will not display channels in proper
order. ’

433 _housekeeping delog (XHD) .- The MSS housekeeping delag program
lists parameters from track 13 of an MSS PCM sensor tape. This dsloq
can be printed for all scan lines or for a designated number of scan
lines., The MHD program also has the capability of printing scan lines
at a selected interval.

Upiversal format to LARSYS_II conversion (OFLRS}.- The universal
format to LARSYS III conversion prograsm converts universal format
nine-track, CCT input tape to LARSYS (version TIIX) nine-track, CCT
output tape.

Univegsal format edit tape {UPET) .-~ The universal format edit tape
program was designed to provide a method of editing universal format
CCT. The data to be edited are selected according to a designated
start scan line number, stop scan line number, start pizel number,
number of pixels, and channel numbers. The OPET program also has the
capability of reversing the scan-line direction of the data if that
feature is desired.

LARSYS III to MSDS conyersjon progqram.- The LABSYS IIT to MSDS
conversion program is used to reformat LARSYS IIT FORMAT CCT to MSDS
format screening and for analysis using the MSDS and MOPS program,

Multispectral edjt tape print program {NEIR)}.~ The METP is a support
progranm designed to give a printed listing of data values for gelected
scan lines of imagery in the MSDS format.
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provides capahility for smoothing lcw-frequency handing present is
Skylah ERRP hand 13, thermal data. Low-temperatura calibration points

are used to digitally adjust imagery data based on that raference.
Input data are SES-192 LARSYS CCT. 0Nutput is LARSYS CCT.

Bibliography

Software capabilities of the building 17 Data Techniques laboratory,
Philco-*ord, Sept. 10, 1973,

Data Format Control hook, TR-543,

Screening and Data Handling Plan for ERTS-1 Computer Compatikle Tapes
and Aircraft Z4-Band Scanner Data, EOD-294S.

ADDITTONAL DATA TFCHNIQUES LABORATORY (DTL} FHCOTOGRAPHIC CARABTLITIES

General

The DTL has a capability for converting image data to a television
signal for processing and displaying of Earth resourcas data.

Hultiband Camepa Film Vjewer Model 2000 (I1S)

The multiband camera film viewer (MCFV) (fig. 2-%) is a three-channel
electronic-visual syster capable of converting image data to a
television signal and displaying that data onm a 1000-1line color
display. TInputs can be roll film (70 millimeters or 5 by S inches)} or
any transparency from 16 millimeters to 5 by 5 inches. Outputs to the
display can be false colored and photographed on 70-millimeter color
film. This system is located in room 2062, building 17, and system
tize can be scheduled by Jchn Sargent, TP4, 7T13-18u4~-6478,

Bibliography

Tyler, J. L.: Multiband Camera Pilm Viewer Capabilities ang
operation, LEC-0599.

PRODUCTION FILM CONVERTER

General
The production fila converter (PR-80) is a functional part of the
Barth resources production processing system. The PR-B80 will also
accept universal-formatted magnetic CCT inputs froem other sources,
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2.6.3.1
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includinq the existing NAS, the ERIPS, other Skylah and aircraf¢
senstor data, Earth Resources Technology Satellite (FRTS) data,
calibration data, and navigational data. Output products are filmed
images on either 70-millimeter or S-inch black-and-white and color
film.
of building 30, and output products are obtained by data raquest forms

through John Sargent, TF4, 713-u483-647R,

A film convertar is located in room 1087, administrative side

Sepger_Capabilities

The FR-80 can process nine-track universal format CCT from the
follcwing sensors:

A. S§-192, nss

B. M55, 24-channel ASS

C. RS-14, duwal channel scanner

D. BReconofax IV, infrared scanner

Special Capabjlitjes

Print _processing.- Processing can be provided to accommodate print and
tabular listings on film.

Elot progessing.- Plot processing can be provided to generate
histograms, plots of calibration, trend and housekeeping data, and
other X-Y functions.

EBreazams

Image processjipg.- Image processing can accommodate data derived from
both linear scan and conical scan sensor systems, and will provide
compensation for known geomatric and radiometric errors because of
sensor or production fila converter characteristics. '

Bibliography T

Earth Resources Production Processing Requirements for Alrcraft
Sensors, TR-523, ’

Earth Resources Production Processing Requirements for EREP electronic
Sensors, TR-524.
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DISPLAY CONSOLE ELECTRONICS




2.7.3

2.7.4

2.7 41

PRECEDING PAGE BLANK NOT FILMED,

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

0001

Production Film Converter Data Software Requirements SH-098192 for

cach sensor.
Production Film Converter Procurement Specification SP-09676D.

PASSIVE _MTCROWAVE IMAGING SYSTEM DATA ANALYSTIS SYSTEM

e o

The Passive microwave imaging system (PMIS/DAS (fig. 2-5) features an
SEL-B10B computer-controlled hardvare/softvare configuration that will
d¢isplay, screen, indgx. edit, and reformat sultichannel imagery data.
The inputs are PCM-encoded magnetic tape or nine-track CCT. The
outputs are bhlack-and-white film, color film, punched cards,
alphanumeric display, line printer, and CCT. This systam is located
ir room 2062, building 17. System time can be scheduled hy John
Sargent, TF4, 713-483-647T78.

Sensor Capabilities

This system will accept any multichannel imagery data recorded in PCHM
tape format or nine-track CCT, Existing software limits system
processing of data to the ERTS-a, 2u4-band, MSs5, #2535, 5-192, PMIsS, FS-
14, and the scanning imaging spectroradiomater {(SIS). (Softvare
programs will process nine-track CCT in ERTS-Ai, MS5D3, LARSYS,
universal, RS-=-14, or color-study format.,)

Special_Capabilities

B 525 line by 4B0 element color TV monitor is used for display and
screening of imagery data consisting of selected channel data on three
color guns (red, green, and blue). Scraening is accomplished by
assigning desired channel data to the display guns. TImagery on film,
visicorder paper, or display may be grid overlayed. Precision edits
are made using coordinate selection from the grid overlay imagery.
Coarse odits are mads through use of the rectanguiir CUrsor. {See
Computer Based Coordinate Grid Overlay, W. Eppler, EOD.)

Brpgaranps

MSDS_on_ PNIS_DAS_{HOP5).- This program screens or edits NS5 sensor
data tapes or nine-track CCT in MSDS format. Color or black-and-white
display is provided by linear transformation eguation, LT = Ax + B.
Film and tape-to-tape edits are also available.
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Scapping jimage spectrometer - oceap mode (3ISQ).- This progranm
converts the tld-track sensor-tape output of the Scanning imaging
spectroradiometer (ocean mode) to a nine-track CCT that is compatible
with the M5DS edit format.

Multispectral edjit tape print prodgram (METB).- The MPTP is a support
program designed to give a printed listing cf data values for salectad
scan lines of imagery in the KSDS format. Other modes of operation
vill allow error checking of HSDS data edjitad from sensor tapes, octal
listings of data values, and selection of the edit to he listed.

Multispegtral edit tape histogram (MFTH).- This program inputs MSDS
CCT. The operator selects the area to be processed by pixel start,
number of pixel scan line start, and number of lines, Ouiput is line-

printer Iistinq showing data count distribution and summarv sheet,

4S5_hovsekeeping delog program_ {MAD).- The MSS housekeeping delog
program lists parameters from track 13 of an M55 PCM sansor tape.
This delog can be printed for all scan lines or for a desiqnated

number of scan lines. The MHD prograr also has the capability of
printing scan lines at a selected interval.

All-channel tape _copy program_ [ACTICY.- This rroqram extracts selected
portions of the t4-track analog PCM S$-192 imaqgery data tape and
transfers these data to nine-track CCT in the ACTC format. Operator
parameter selection and processing control is achiesved through the
alphanumeric keyboard display and console interrupt switches. These
reformatted data can then be submitted to the Univac large-scale
computer system for further processing.

Sglection program ([SELE}.- The SELE screens 5-192 sensor data to
display imagery of nonstraightened scan-line data and to edit digital
data tapes for subseguent use in scan conversion. The data input to
SELE is the 2B-channel, reformatted, 1d4~track data reformatter
asseably inna) PCH data tape. Output is tvwo CCT; the center of the
image is written on one tape and the edge data are written on a second
tape.

Correction program_ {CORR) .- The CORR is a link between the SELE and
the DSPL programs to complete the scan-straiqhtening process for 5-192
imagery data, Inputs to CORR are the two magnetic tapes output by
SELE. These inputs are read by CORR, scan corrected, reformatted, and



KSR BEEHIVE

ALPHA
TELETYPE
NUMERIC | MAGNETIC
1 { TAPE
SEL-810B UNIT 1
_ | CENTRAL PROCESSING | e
UNIT TAPE
) UNIT 2
14-TRACK TAPE LINE
SENSOR INTERFACE .
TAPE UNIT PRINTER
¥ i
™ cARD | cArD
DISPLAY READER | PUNCH
Y
COLOR,

BLACK-AND-WHITE
FILM  RECORDER

Figure 2-5.- PMIS/DAS system block diagram (second of two data
techniques laboratory facilities) (NASA-S-74-3502).
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written out on two output tapes, which are used by thz DSPL vroqrar

" for Adisplavy.

Display program_{DSPL] .- Tke DSPL takes CCT imagery data record~d on

one or more digital tapes, merges, selects, comhines, and processes
these data and presents the data to the colcr Aisplav and strip-film

recorder. Input tapes are from the CORF or SELE prograns.

LARSYS correction_program_fLRSCOR) .- This program pseudo corrects the

conical sensor sweep using a sine function to refit the data, 0p to
three channels of data from CCT can be input for processing. Output
areas are selectable on a scan-line basis. Output data are in LARSYS

format on nine-track CCT.

o e el i e e

black-and-white screaning and black-and-white film edit of any LARSYS
format tap=. Gain, bias control, and channel selection is availabhle
through the operator TTY. Tapes are verified for proper formatting,
includinq sequential record counts and checked for possible parity
arrors. Coordinate grid overlay is optional. False coler is

available through the linear transformation eguation for each color.

tr = Joq(Cy + By) + 6,(Co + By) + G3(c; + By)] + 0

Cony hougekeeping and time (CHAT) .- This program copies $-192
housekeeping data from the 14-track sensor tape and tags thess data
with the 5-190 time. The ountput of this program is compatible uith
the Institution Data Systems Division (IDSD) phase I continuous data
CCT. An auxiliary output of CHAT is a delog to the line printer of

the output CCT.

Yerify {VRFY).- VRFY is a utility support program that compares
records on an original and a copy of nine-track CCT data to determine

exact duplication.

Unjversal screening and_editing pgogram_(USEP) .- The universal
screening and editing program (DSEP)} is used to display, display and
film record partial width, or display and film record full-widith image
data. Input to the program is data collected from various Earth
resources sensors (i.e., 5-192 and MSSO written on 9-track, 800 boi,
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CCT in the imagery data universale fornat).' False color is available
through the linear transformation equation for each color.

LT = [G1(C1 + 131) + c;z(c2 + Bz) + GB(C3 + 53)] +D

Oniversal histogram_program_ (UHIST). The universal histogram proaranm
will accept universal format nine-track input tage and output a
histogram and statistical information that includes the marimum value,
the median, the mode, the mean, and the standard deviation. Input
data is selected via the numeric display keyboard by selecting a scan
line numbher and pixellposition for specifiad channels or hy linkage to
USEP. Statistical information of up to four selected channels can he
output sirultaneously to the numeric display and percentage barqraph
to the line printer., Up to three selected channels can be displayed
simultaneonsly as a percentage barqraph to the colotr display.

Universal format edjit tape (OFET).- The universal format edit tape
program was designed to provide a method of editing universal format
CCT. The data to be edited are selected according to a designated
start scan-line number, stop scan-line number, start pixel number,
number of pirels, and channel numbers, The OFET program also has the
capability of reversing the scan-line direction of the data if that
feature is desired.

Duplicate (DOP1, DUPZ) .- Duplicate is a utility support program that
transfers data from one media tc another {i.e., tape to cards, cards
to tape).

LARSYS II] %o USD3 conversjon program {L3WSDS).- The LARSYS IIT to
KSDS conversion proqram is used to reformat LARSYS IIT digital tapes

for analysis using the MSDS/MOPS programs and building 12 programs.

B3RS _to LARSIS I1I_conyersiop PEodxam. (#SDSLI).- The MSDS to LARSYS
III conversion program reformats entire MSDS edits *o LARSYS III

format to provide an input into the Onivac large-scale computer
facilities.

B33 %o yunjversal format conversion program {NSSUF).- The BSSUP

screehs, €ilm reéords, and reformats raw NS5 data to the imagery data
universal format. Inpat is the 14-track ESS PCH tapes. Output of the
edit mode is nine-ttack.CCT. The piogral ¥ill not convaert all of the
data channels and pizals at once into universal:; sultiple edits are

required because of core semory and time limitations. Options include .
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qrid,'qrid color, shift value for each channel, and numher of pixels

for the displav or £ilm modes.

LARSYS IX apd ITI to universal cggnversion program (LMSDS) .- The LAFRSYS

TTT to MSDS conversicn program is used to refcrmat LARSYS TIT format
CCT to MSDS format screening and for analysis using the MSDS and MOPS
pregeam,

ERTS-a 9-track CCT MS5S bulk data of 810 elaments per scan line and
outputs 9-track CCT in universal format. Cenversion takes place at
approximataly 15 scan lines per second, resul+ing in a total

conversion tim=2 of less than 3 minutes for a 2340 scan-line cael.

Color-study_piogram.- The coler-study program can ingut color-study
¢cT, TV displav, display and half-width film record, or display and
full-width film record image data tapes: {A) with normal or reversed
scan lines (B) expanded as requested by a cursor overlay via the
numeric keyboard, and (C) in color or black ard white.

BS-14 _program.~ The R5-14 program can input RS-14 or color-study data
from CCT and output it te: (A) disgplay only, (B) display and partial-
vidth £ilm record, or (C) display and full-width film racord. The
output may be in black and white or color and may ba: (2) output
starting at the present position of the input tape and continuing
until the program is told to stop via intercupt switch 3 or upon
encountering an end of file, (B} output over a selectad range of scan-
line numbers, or (C) output as requested hy a cursor overlay via the
numeric keyhoard.

Bxtract program.- The extract prograr inputs auxiliary data annotation
set (ADAS) data and from the PMIS data from the PCH sensor tanpe.
Interrange instrument group A (IRIG-A} time and voice channels are
used to locate the area of interest to be displayed. FEssential
information is edited onto a digital tape for subseguent screening by
the evaluyate program. During this process, a geomatrically corrected
color image and an alphanumeric display of support data are made.

Evaluate program (EVAL) .- The evaluate nroqram inputs the digital tape

data generated by the extract program anrd processes it into imaqges,

"listings, and digital tapes of selected aresas. The avaluate program

has very flexible image-enhatcement-manipulation abilities that
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optimiée its use as an analysis tool! for microuave data. The evalyate
program allows display and £ilm racording of microwave radiometer
image and support data after corraecting the image data for geoametric
correctiops because of scan cone, pitch, roll, and drift.

ADAS _qujck-look _program.- The ADAS quick-lock program provides a
quick-look capability of ADAS data, on RZ-encoded PCM signal serially
recorded on 1 of the 14 tracks of the PMIS mission tapes. This quick
look should be especially useful in analysis of functional check
flight data because no preprocessing is required and ADAS data is
outtput to the line printer in an ordered, easy-to-read format. A
heading giving date,'mission, site, flight, line, and rum is printed
at the top of each page followed by appropriate subheadings and 34
lipes of data.

DAS_appotation program {[AKKO).- The DAS annotation program (ANNO)
provides the capability of generating alphanumeric and special
characters for display and film annotation. TVersion 2.0 of ANNOQ
accepts characters entered via the KSR keyboard gr penched cards via
the card reader.

837332 band_ 13 _multipoint smogthing program (MES-13).- This program
provides capability for smoothing lov-frequency banding present in
Skylab EREP band 13 thereal data., Low~temperature calibration points
are used to Aigitally adjust imagery data based on that reference.
Input data are SES=-192 LARSYS CCT. Output is a LARSYS CCT.

Bibljiography
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URIVAC 1108 DATA PROCESSOR

General

The Univac 1108 procésédr is a large?scale batch computer system that
¥ill accept ERTS-1 AS5S bulk, MSS DAS, LARSYS IIY, or universal format
CCT. Analysis includes reformatting, classification, clustering,
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imaqe-data correlation, image~data reqistrétion, atmo=pheric
corrections, and statistical amalysis. Output tapes can be in LARSYS
ITI, MSS DAS, ot universal format. oOutput products include punched
cards, plots, qray maps, printouts, histograms, and output tapes for
the S-C 4060 unit to produce microfilm images. This computer facility
is located in huilding 12 and scheduling information can be ohtained
from Tom Smith, TF4, 713-483-6478.

Sensor_Capabilities

Any sensor data tape that is in one of the above formats can be run on
this conputer systen.

Spacial_ Capabilities

Remota operation is available from terminals located ir room 2062,
building 17. Several statistical and utility programs are available
for analysis. Abstracts for these prograss are located in the
building 12 tape/manual library.

PEOgIABS

LERTS {(ERTS_to LARSIS_III)_ program.- The ERTS to LARSYS ITIT program on
the Univac 1108 system reformats ERTS-1 M55 bulk tapes to the LARSYS

III format for further processing with such programs.as SCERTS, ROTAR,
ISOCLS, LARSYSAA (PATREC), et cetara. A complete ERTS tape may bhe
reformatted to LARSYS III with LERTS in approximately 12 minutes.

EMBEDT _{ERTS_ 4o MSS _DA3) proggam.~ The ENBEDT program converts the
ERTS-1 M55 bulk tapes to the MSS5 DAS edit format, which is compatible
with both DAS for screening and editing. The EMBEDT program reformats
a maximum of 700 resolution elements per scan line. The EMBEREDT
progran reformats a complete ERTS tape in approximately 8 minutes.

TABLE LOQKUP_[TLU)_proqraa_0738.- The JSC table lackup data
classification programs currently available on the Univac 1108 system.
may be used in place of the classify processor of LARSYSAA PATREC.
The TLD approach was developed as a much faster conputer
implementation of the data classificafion step. Inputs are punched
cards and LARSYS ITI or MSS DAS edit data tapes and outputs are
alphanumeric gray map printouts, printouts of raw data, the MAPTAP
tape for input teo further screening, and PNIS color-study tape (only
availﬁble for LARSYS tIt formatted input data).
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ISNCLS_{4ata _clustering)_program.- This algorithm is ar interac.ive

procedure for arouping multispectral data (rer imag-= ooint) irto gets
or clusters of similar data. The input is limited hy program *+5 a
maximum of S0 clusters, 30 channels, and 20 fialds. TInputs are
runched cards and a LARSYS TII data tape. Qutruts are printouts of
¢lustering data, map printouts, cluster covariance matrices nrintont,
punched cards, and a cluster color-stuty nine-track taps (for tha puTS
DAS).

PATREC [LAPSYSAA) data_classificatich.~ ™he PATRREC program allows a

user to classify remgte sensor data by spectral pattern recoani+ion

technigues. This is accomplished with the aid of four DLACeSsaTS

called STAT., SELPCT, CLASSIFY, and DTSPLAY.

A. OSTAT - The first step in the pattern-recognition process is to
select training fields using tha fiesld coordinatas ohtained fram
¢ne or more sources, including PICTNNT, SCERTS, ISNCLS, or the
BAS5. These coordinates are input to STAT in the form of puached
cards. Also input to STAT is the raw LRRSYS ITT tapa. Outputs
used for iterative analysis in the selection of homogeneous
training fields include statistics such as the mean ventnrs,
covariance matrix, correlation matrix, histogqrams, and spactral
rflots. Only the outputs comsisting of the training field
coordinates, class mean vectors, anrd class covariance matrix ara
used for continuation of thae data flow into the SELECT and
CLASSIFY processors. These data are in the fore of punched cards.
One alternative available for obtaining statistics for usa in the
SELECT and CLASSIFY processors is throuqh use of the ISOCLS
program described previcusly.

Ba. SELECT - The SELECT processor accepts the statistics in vunched-
card form and outputs the best channels to be asad in the
Cclassification process. These are the minimum number of channels
available that maintain the optimunm separability of classes. This
pProcessor is important only for MSS data of graater than 4 nands
{24 channels and 13 channels) since there is a maximum of only 4
channels per sensor on the ERTS. There are four different
procedures for measuring the degqree of separability of classes as
reported in tha reference concerning ieplementation of feature
selection (reference 2.8-1).

C. CLASSIFY - The CLASSIFY processor accepts raw LARSYS III data,
runched cards from STAT, and punched cards from SELFCT to produce
a per-point classification of all points within specified
boundaries. The CLASSIFY procassor on the Upivac 1108 handles up
to 30 channels and 30 classes and classifies up to 1000 pixels per
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line., The outputs of CLASSIFY are a LARSYS classification tape
(MAPTAP) and/or a classification printout._

n. DISPLAY - The DISPLAY processor accepts punched cards containing
information on field coordinates and qround *truth for use in
developing a printout aon the classification accuracy. 1In
addition, the DISPLAY processor takes the point-by-point results
of the classifier and displays them in a computer printout format
similar to the PICTOUT map printout, except that each symbol
represents a clagsified point. The DISPLAY processor can directly
create a PMIS DAS color-study tape.

Image_gorrelation [CORLAT) program.- This program does precise digital
image registration in a semi-autosatic mode, The CORLAT computes the
cross-rorrelation functions hetweesn the tvo closely correlated images
(referenced and overlaid tn be registered over some preassignzd arid
structure)., A fast FOURIER transform technique is used. The CORLAT
program is intended for use on all typas of remote-gsensing data. The
inputs to this program are proqram tape, one ot two LARSYS I1IT forpat
tapes, and input parameters via punched cards. The outputs are tvo-
dimensional correlation arrays printed in numerical 0 to 9
presentation where 9 indicates a maximum and 0 indicates a minimum,
correlation coefficients, coordinates of the corrslation maximum or
minimum, and punched cards of the coordinrates for input to the

registration progran.

Ipage_registratjon (REGSIR) program.- The REGSTR uses correlation
results from CORLAT to bring tvo images into precise spatial
alignment. The REGSTR can be used on all types of reamota-sensing
data. The inputs to this program are the program tapa, one or two
input data tapes in the LARSYS ITII format (one of the input tapes can
be mounted on the same drive after the program tape is loaded into the
computer), input parametars via punched cards, and the correlation
results which are input from CORLAT via punched cards. Outputs ate a
ragistered data tape in the LARSYS III or universal format with a
given specified number of channels, a printed message of poor
approximation if the specified registration error is exceeded in a
certain region, and a printed list of all coefficiants of the

approximation polynomials in each region.

Atmogpheric_gorrections (ROTAR} .- The ERTS and camera data can be

corrected for atmospheric ahsorption and scattering with the Univac
1108 program ROTAR (reconstruction of target reflectance}j. The ROTAR
is a table lookup program which relates the sensor data to reflectance
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values calculated for given Sun angles, optical Adepths, and
atmospheric conditions. Two homogeneous optical layers are used to
approximate the atmospheric scattering and attenuation
characteristics. The ROTAR program outputs a corrected data tage,
called a reflectance tanae, that assigns a percent reflectance number
(0 to 100) to =ach image element., This tape output is in LARSYS TIT
format.

to LARSYS PICTODT. Single-channel raw input data sither in MSS NAS
edit or LARSYS5 IIU format can be converted to a computer printout
image using 30 alphanumeric symhols., Unlike LAPSYS PICTONT, howaver,
there is no data histogram, and the user must select and inpnt the
disglay bin levels {on cards) without any such aid. The important
thing to note here is that this is presently the only means available
for directly generating a computer gray map of MSS DAS edit tape data.

ISOCLS_(PRINT} .- There are two cutputs from this program: a line

printer map and a color-study tape that may be displaved on the PNIS
DAS.

PICTOUT_(LAESYSAH) .- The PICT function of the LARSYS PICTANT subsvstenm
on the tnivac 1108 takes tape data in LARSYS TII format and nroduces
an alphanumeric printout or symbol map for =creening and editing data
{ir a =ingle band). Histogram and punched cards of training and test
field displays are available with this progranm.

SCERIS_{0-B40 gray_map) .-~ The SCERTS (scre=n PRTS) program on the
Univac 1108 system accepts tapes in LARSYS IIT format. The ocutput
tapes are then input to the §-C HOSO unit to produce microfilm images
of the data. Paper copies can then he obtained with any standarad
microfilm reader/printer. The (=-B40 varsion of SCERTS has the
limitations that only the first four channels of data are available
and that all four channels must he mapped. The {~-BUOA single-channel
version of SCERTS can map from any 1 channel up to 24 channels.

sensors) proqram calculates the senser response for a given target
teflectance and a set of given atmospheric conditions. It is used in
conjunction gith the ROTAR program.

LIRIE.- The program LYKIT reads a packed data tape in either LARSYS I
or IIT formats, writes an unpacked data tape of equally spaced scans,

2-32



2.8.0,15

2.8.4,16

2.8.4,17

2.8.4.18

2.8.4.19

2.8.4.20

2.8.4.21

FopoA1

Adraws draphs on microfilm, and prints 1isté of the data miximum, mean,
and minimum within these scans in all channels. Increased efficiency-
and reliability are achieved by using an unpacked tape; however, not

avary scan of data is available on it.

LUY¥IT.- The program LUVIT reads the unpacked data tape written by
prograe LYKIT and produces the complete profiles of individual scans
specifiad by *he user by tabulating and graphing data within all

channel s.

LUMPIT.- The program LUMPIT reads the unpacked data tape from LYRIT,
drives the correction polynomials for a particular scan line and

channel, and outputs lumped and polynomial cards.

FIXIT.- The program FIXIT reads the originmal packed LARSYS IIT tape,
uses the polynomial cards from LUMPIT, and outputs a corrected packed
LARSYS TIII tape.

CLBSTD. - The CLUSTD is a single-pass clustering program and therefore
is not limited with regard to the quantity of data that it can
process. The program reads an input tape in LARSY¥5 TIT format and
outputs a nine-track tape of the cluster mafp to be used with the DAS
color-study program. The output tape can contain up to 700 pixels per
scan line and can cluster data containing from 1 to 16 channels of

information.

5-190 scan_tape _conversjiop ppogram -_ZQ58 (CNV130).-~ The CHV190
program takes an 5-190 scan data tape recorded by Patrick dir Force

Base Imaging System Branch laser scanner system and ocutputs one LARSYS
TIT formatted data tape. Both input and output tapes are nine-track

tapes.

Myltispectral scap_angle correction progras = 2053 JACCENH).- The
ACORNG is designed to eliminate the variance in M55 data introduced by
scan angle. The program computes either additive or multiplicative
correction coefficlents that can be applied to each sample of each
chanpel. Input tape is LARSYS IIT MSS data and the output tape is a
scan-angle-correécted LARSYS III MSS data tape.

DAS_display_tape prograp - 0855 (DASGEN}.- The DASGEN program provides
the capability to convert #SS classification results to a color
display.on the DAS. Input is a LARSYS TIT tape from the CLASSIFY
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program and the output is a seven- or nine-*rack tape in LARSYS ITT

format to he used on the DAS (requires a nine-track tapa).

YIBANI - _Qu67.- The VIRAN?Y program is used to parform a complets
statistical and wave analysis for up to 16 time slices of time saries
da*a. This program is run during selected time periods ton produce
amplitude {AR) wversus frequency plots. These plots can be used to
check calibrations and noise levels of the data. The statistical
analysis includes skaw, kurtosis, probability density, chi-square

test, and standard daviation.

REFORM_=-_070%9.-~ This program reformats the University of Hichigan A/D
multispectral data tape to the LARSYS TII format.

BICREE : Q683.- This program reads a 7-track, 200 bpi even-parity

=]

icrodansitometar digital tape, reformats it, and outputs a TARSY¥S ITT
tape that can bhe displayed using PICTOUT.

BENMSS - Q7U47.~ This program was written for Information Systems

Pivision {ISP) for engineering checkout., Tt calculates parformance
parameters associated with the MSS and outputs U060 plots of
probability density histograms, printed video data of salocted scans,
@ listing of calibration data, ani performance parameters. This
proqram uses PREBEN - 0760 which edits the calibration data.

spaecified levels of relative radiance within one channel of
multispectral data. The map has up to 8 gray levels, 150 scans long,
and flight width of up to 222 samples vide. Data are in the old
LARSYS T format and output is on microfilm.
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UNIVAC 1110

Ggeneral
The Univac 1110 multiprocessor systes is a larqge-scale batch mode and

interactive computer system (EXEC 8) that has 15K more user core than
the Univac 1108.

The Univac 1110 is locatad in building 12 and charge time information
can be obtained from Tom Smith, TP4, 713-0R3-6478,
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The fnivac 1 will accept FRTS-1 bulk, universal, and LARSYS TIT

format 7 or 9 track 800 bpi CCT.

Special Capabilities

Programs can be run in the interactive node.
Programs

ASIEP.~ The ASTEP is a program that is used to gain undetstandirq of
the problems associated with processing multispectral Farth resources
data and to test and’evaluate processing algorithms, The major
emphasis is to examine the statistical properties of the data and
their impact upon classification algorithms. Character maps, gray-
scale-type maps, histograsms, statistics, program options, and data

value printouts are available.

REUS.~ The Resources Capability Unit System {RCUS) is a forestry
management information tool that enables a forest manager to evaluate
if regional forests meet the requirements of the forest manager.
Inputs ate ground-truth data, production factors, cost factors, needs
and demands, et cetera and outputs are wanagement decisicns such as to
plant certain .type trees, estahlish recreation areas, et cetera.

LARSYSAR.~ The LARSYSAA program frok the Univac 1108 has been
converted to the Univac 1110, but it will not execute in the
interactive mode because of tape drive limitations.

ISOCLAS.~ The ISOCLAS proqram from the Univac 1108 has bean converted
to the Univac 1110, but it will not execute in the interactive mode
because of tape drive limitations.

BIM5.~ The Regional Information Management System (RINS) is designed
to provide extremely rapid access to Earth resourcaes data-base
information. It stores, ratrieves, and displays information in 36
broad cateqories of land use. The RINS was implemented at JSC on the
Univac 1106 and 1110 computers using EYEC 8 and may be accessed from
dialup termivals in several locations at the JSC. The BIMS is now
serving the Houston Area Test Site (HATS) data base, which contains
information for about 44 000 1-kilometer sguares. The RINS user may,
in an interactive mode, select any sobset of the data base by
descriptor. Por exanple, A 100.0 describes the subset which is 100-
percent aqriculture, U 50.0 indicates 50-percent urban, et cetera.
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Thase suhsets may be combined in any ordef usina logir operatnrs (and,
not, inclusive or, exclusive orj. With these oparations, the user may
describe a subset in virtually any manner. After the desired subsat
has heen built, it may he displaved as verhal and numerical outrut or
the CRT associated with the dialup terminal, or it may ke extracted
for furthar online or offline processing. An axample is +the magp

draving routine executed on the PMIS DAS.

Iser's Guide and Software Documentation for the Algorithm Simula*ion
List and Evaluation Program (ASTEP}, JSC Interpal Note 73-FM-T71, May
4, 1973,

Allison, J. L.; Argo, W. V.; and Shelton, M. L.: Regqional Tnformatiaon
Management System (RIMS) Tsers Guide, LEC/HASD 640-TR-190.

Allison, J. L.; Argo, W. V.3 and Shelton, M. L.: FRegional Tnformation
Management System (RIMS) Program TLogic Manual, LEC/HASD 640-TR-192.

TAPE TO FILM CONVERTER (VISICORDER)

The visicorder permits an investigator to screen M55 data and to
deterwmine training field coordinates without using the DAS. The low-
cost hardware involved produces strip~film imagery of selacted
channels with a superimposed cosputer-compatible coordinate grid,
which permits an investigator to locate any point on the flightline to
the nearest scan line and element, The visicorder is located in roonm
2062, building 17 and is scheduled by John Sargent, TF4, 713-4B3-6U478,

Sensor_Capabilities

A1l 24 channels of MSS data can ba screened. For éxample, film
imagery with a superimposed coordinate grid can be made for all 24
channels of a 10 000 scan line aission on approximately 150 feet of
film in less than 1 hour. The MW2S, Reconofax IV, RS-7, RS-14, RS-18,
0 of M, and others may be used on this systenm.

Special Capabiljties

Investigators who do not have ready access to the DAS or ERIPS can
screen data and locate their own training and test fieldé. The field
coordinates (specified in terms of beginning and ending scan line and
element) can be used by tha investigator to reqguest a DAS edit tap2 or
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to input Adirectly to the LARS program on their cwn computer or the
LARS remote terminal. This disrlay capahilitvy supplements the
computational capability provided by the ILARS remote terminals and

increases their potential usefulness.

The serial stream of digital values from one M55 channel is converted
to analog form. These data are then used to intensity-modulate a CRT
in the visicorder to produce a continuous-strip imagery. An
additional capahility has been developed for the visicorder to
superimpose a scanner-coordinate gqrid system on the imagery. These
grid lines are generatead using digital logic cicrcuits triggered hy
Pach scan line and by each element within a scan line. Recause they
are aenerated hy the data itself, these grid lines are assured of
being in spatial registration with the MSS imagery. The visicorder is
capable of processing M3SS data at a rate of 100 scan lines per second,
compared with 2 scan lines per second for the DAS. The continuocus
strip imagery is 5 inches wide and is available in the form of (A}
immediately available, dry-developed diazo paper, (3) convantional,
vet-devaloped black-and-vhite film transparency, or (C) wet-developed
black-anﬂ-uﬁite positive paper. The system is addjusted to display 150
elements per inch and 150 scan lines per inch on the output imagery.
This is compatible with the visicorder CRT resolution, and allows 700
elements to be imaged on 5-inch-wide film. From an altitude of 2780
feat, it is approximately the same scale as the Hass2lblad cameras
equipped with BO-millimeter focal length lenses.

Bibljography

Eppler, W.; Reustle, J.; and Tragni, P.: Ccmputer-Based Coordinate
Grid for Multispectral Scanner Imagery, EO0124.

For further information, consult the personnel in room 2062, building
17, cr contact John Sargent, TF4, T13-4B3-6473.

TAPE TO PILM CORVERTER (TEXAS INSTRUMENTS)

Genegal

The RPR=-70 film recorder is capable of accepting a variety of data
from an analog tape and converting it into an image with acceptable
results. This constitutes a permanent visual record. It is located

in room 2062, building 17, and can be scheduled by John Sargent, TF4,
713-483-6478.
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The sensor capabilities consist of analog sensor fdata recorded from an
airborne scanner or data from a magnetic tape recarder where the secan
rate is greater than 50 Hertz but less than 350 scans per second.

Special Capabilities

The recorder paints a video image of Earth terrain onto a continuous

gtrip of 70-millimetar photographic film.

Bibliography

fFor further information, consult the parsonnel in room 2062, huilding
17, and the Operating Instructions Manual for 70-mm Remote Filnm
Recorder RFR-7) by Texas Instruments, Inc., Oct. 28, 1971, or contact
John Sargent, TF4, 713-4B3-647B.

DATA TECHNIQUES LAB TRRMINALS

General

The Data Techniques Laboratory has three remote terminals with the

capability of interfacing with the JSC building 12 Univac 1106 or the

Tnivac 1110 through a set of Jdedicated lines. The three tarminals

also have the. capability to dial into any computer facility that has

acceptable communication hardware. The terminals consist of tha
following. ‘

A. A data point 3300 CRT with a standard teletype alphanumeric
keyboard, a 30-character-per-second heat-sensitive printer, and a
tape cassette with read/write capability.

B. A Hazeltine 2000 CRT with the same features as the data point 3300
CRT, except the Hazeltine has a dual-tape cassette instead of a
single cassette.

€. A Teletype Corporation ASR 33 unit operating at 10 characters per
second with an impact printer and a punch/read paper tape
attachment.

These three terminals are located in room 2062, building 17, and

further information can be obtained from Johm Sargent, TF4, 713-4813-

6078,

Sepsor Capabilities
The sensor capability consists cf sensor déata that are in the correct
format for CCT of the system dialed (LARSYS III at Purdue, etc.)
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Sgeciél Capabilities

Computer facilities such as Purdue, Rice, Ge2orgia Tech., Tewis,
Atlanta GSA 1108, and the Goddard Space Flight Center can he dialed

using these tearminals.

Bregranms

h wide variety of programs can be used with this system such as the
same as used with the Pardue Terminal described in section 2.1.

Biblipcgraphy

For further information please contact John Sargent, TF4, 713-u4B3-
6478,
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GEOMETRIC ANALYSIS CAPABILITIES

The geometric analysis section has extensive capabilities to do
research, analysis, and production processing on a very vide range of
Earth resources data. Becaiée of the flexibilitvy of the group, almos
any geometrically oriented problem can be considered. Analysis work
can be discussed with M. J, Bender, TFS, 713-483-6287. The folloving
equipment is used by this section to aid in analysis of geometric
problems,

. Rang 720B_and_ HP9100EB

The Wang 720B and the Rewlett Packard 91008 are self-contained
preogramable electronic¢ calculators that can accept taped programs,
The outputs are numerical visual displays and hardcopies of printouts
of programed data.

¥ang_programs.- The Wang calculator has programs available that will
convert geographics to Universal Transverse Mercater, Lambert, or
State Plane coordinates. Other prograns include Aata adjustment,
resection (compute spatial orientation for a specified aerial photo),
image blur plotting for panoramic or frame camera images, and

computation of lens distortion curve coefficients.

HR3100B_programs.- The Hewlett Packard calculator has programs
available that will convert Universal Transverse Marcator to
geographic coordinates, local coordinates to geographic coordinates,
geographic to local coordinates, compute the Lunar slant range and
surface distances of images, and compute lens distortion curve
coefficients (less than eight distortion coefficients).

Univac_1110_Registration_Program

The geometric analysis section has an aircraft scanner correction
program that geometrically corrects 7 or 9 track digital image data
from the 24-channel MS5S scanner. Output is a registered tape in

LARSYS IXY or universal format.

BS5-U800 Graphic Quamtizer
The RSS-U00 graphic guantizer is an example of the application of
integrated circuitry for converting graphics te diqgital form. The 48~
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by 72-inch coordinatograph table will accommodate maps, grarhs, strip
charts, design drawings, et cetera and any point or line on the graph
can bes digitally scaled and recorded. Measurements in the X~¥
direction and areas can be recorded. The input can he any graph to be
measored or the enclosed area to be calculated. The output is the
visual digital reading or a printout of the readings. The printout
shows the measurement in the X direction, follewed by the measurement
in the Y direction. This machine is located in room 1059, building
17, and information can be obtained from M. J. Bender, T¥5, 713-483-
6287.

Mapn_Comparator, Type_ 1210

The Mann comparator, type 1210, is a precision screv instrument
designed specifically for measurement of distances on vhotographic
naterials to an accaracy of $0.001 millimeter. This instrument
outputs formatted data (Y, Y coordinates, point identification, etc.)
through a digitizer (data logger) onto punch cards for uss in varions
computer programs. This instrument is best suited for performing
mensuration on photographic film or glass plates regardless of imagery
source. This instrument has a 9- by 18-inch measuring format
{programs permit reconstruction of even larger photagraphic formats).
This comparator is located in room 1059, building 17, and information
can be obtained from M. J. Bender, TFS, 713-483-62R7.

Bausch_and Lomb_Multiscale Stereo Point Marker

The multiscale is a device for stereoscopically transferring conjugate
points from one set of photographic imagery to another. 2 continuous-
zoom viewing system on this instrument allows matching of conjugate
images using photography of widely varying scales (from approximately
2 to 48X). Points are burned into the emulsion by a thermal die to
provide a permanent unambiguous record of the point. Diameter of the
hole is approximately 40 micrometers. This machine is located in room
1059, building 17, and information can be obtained from M. J. Bender,
"5, 713-883-6287.

The B-8 Aviograph is a general-purpose photogrammetric instroment for
accomplishing stereoscopic measurements from stereopairs of
approximately vertical photographs {(less than S-degree tilt). The
instrument is equipped with an enlarging/reducing pantograph (2:5Y to
5:2X). Inputs consist of photographic transparencies (glass or film
having formats up to 23 by 23 centimeters) acquired with
vide/superwide angle cameras. It is most suitable for producing

3-2
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spall-to-medium scale maps (1:2,000 or smaller). This machine is
located in room 1059, building 17, and information can be cbtained
from M. J. BRender, TF5, 713-483-6287.

The Wild PUG-3 is a stereoscopic point transfer device used for
transferring conjugate points from one set of photographic imagery to
another. The device drills a 23-micrometer-diameter hole in the
enmulsion of £ilm or glass plate to provide a permanent, unambiquous
record of the point. Transfer of data is restricted to photographic
transparencies of approximately the same scale.

AS-11B1_Rnalytical Stereoplottar

The AS-11B1 is a sterecphotogrammetric system using a programmable
digital computér for real-time stereomodel computations and
electromechanical control of a high-precision stereocomparator.
Inputs to the system normally consist of stereopairs of photographs,
positional information to reference these photos to a surface, and
data to compensate for mnonprojective effects {e.q., curvature,
atmospheric refraction, lens Aistortion, image motion compemnsation,
etc). The outputs include profiles/contour/planimetric plots,
ground/model coordinates (three dimensional), photo coordinates, and
orientation parametsrs of the photographs. Digital data are ocutput
via paper tape, magnetic tape, and teletype printout. FPExamples of the
types of imagery (and their sources) which have been reduced using
this syster include conventional aerial cameras (metric cameras of
various focal lengths), Apollo 70-millimeter Hasselblad (nonmetric
cameras of various focal lengths}, 16-pillimeter movie cameras, closae-
range medical photography acquired with 70-millimeter Hasselbhlads and
Wild Stereometric Cameras, and imagery acguired using a scanning
electron microscope (S¥M). This system is located in room 1059,
building 17, and information can be obtained from WM. J. Bender, TF¥5,
713-483-6287.

Giga-Zeiss Orthoprpiector

The Giga=-Zeiss Orthoprojector is a projéction-type instrument used for
the production of orthophotogqraphs (photomaps). The instrument uses
profile (cross-section} data generated by the AS-118-1, analytical
stereoplotter, to accomplish a strip-by-strip rectification of aerial
rhotographs (transforming central perspective photographs into
parallel projection images). Both color and hlack-and-white
orthophotographs may be produced using this instrument. Photography
acqguired with cameras having focal lengthslof 6, 12 and 8-1/4 inches

3-3



EODO

31,11

J.1.12

may be directly plotted with the profecting cameras presently
available., Other focal lenqgths may be accommodated through the use of
photographic technigues providing a wide selection of final orthophoto
(photomap) scales. This instrument also possesses the capability of
producing a dropped-line contour chart giving direct hypsograrhic
information of the terrain being reproduced as an orthophoto
(photomap). The Giga-Zeiss can accommodate photo formats of up to 9-
1/2 by 9-1/2 inches, accepting either film or glass plates. The Giga-
7eiss is located in building 17, room 1059 in the Geometric Analysis
Section, Mapping Sciences Branch. Scheduling of tasks on the
instrument may be arranged by contacting M. J. Bender, T¥5, 713-483-
6287.

¥ild A-40 Rutograph
The A-40 is a stereoplotter used for reducing data acguired with the

wild c-120, C-40, and C-12 Stereometric cameras or similar cameras and
phototheodolite pictures with parallel, or parallel-averted, axes, Tt
is used primarily for close-range photogrammetric tasks such as
accident investigations, medical photography or forensic photography.

The instrument will accept photographic plates with formats of up to
92 by 125 millimeters as inputs. Outputs consist of
contour/profile/planimetric plots and point coordinates measurements.
The A-40 is located in room 1059, building 17. Purther information
can be obtained through M. J. Bender, TF5, 713-483-6287.

The B-8 Stereomat is an automated B-8 Aviograph Stereoplotter. 1In
addition to the usual manual ster=oplotter operations, an image
correlation unit also enables this system to perform the following
operations automatically: relative orientations, profiling,
contouring, digitizing of stereomodels, and exposing of
orthophotoaraphs (electronic). TInputs to the sysfem consists of
stereopairs of photoqraphs with formats of up 9 by 9 inches.
Photographic tilt limitations of the instrument are: phi and omega =
t5 grads (from normal), K = %5 grads. Photography with focal lengths
of 3 and 6 inches can be readily accommodated. Outputs from the
system consist of contour/plani-metric/profile plots orthophotographs,
digitized terrain models, and point coordinates. Digitized terrain
models and point coordinates are formatted and recorded on seven-
channel magnetic tape for use in computer programs. Plotted products
(profiles, contours, etc.) and orthophotograph magnifications may vary
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from 1.4¥ to 2.3% (from photo), depending upon the scale of the
photographic inputs.

The B-8 Stereomat is located in room 1059, building 17. Further
information can be obtained from M. J. Pender, T¥S, 713-u83-6287.

Banp_Iype 120> Semi-automatic Stellar Cemparator

The stellar comparator is a semi-automatic, precision lead-screw-type
measuring instrument capable of automatically centering on symmetrical
photographic images such as star images, reseavs, or holes drilled in
the emulsion through the use of a photoelectric, closed-loop feedback
servo-system. The incorporation of a small digital computer provides
additional auntomatic functions to the system. The primary function is
the antomatic slewing to preselected coordinates in the near vicinity
of a symmetricai image point, then auntomatically centering on the
exact point, recording actual coordinates and moving on to the next
peint. In addition, the comparator can perform a self-calibration
using an accurate reference grid (gridplate) with the computer
printing 6ut the deviations at each point. Coordinate measurements (Y
and ¥} are output on paper tapes and printouts via a teletype system.
The Mann Stellar Comparator is located in rrom 1059, building 17.
Further information can be obtained from M. J. Bender, TF5, 713-483-
6287.

Bidliography

Operating Manual for the RS55-400 Graphic Quantiger, H. Dell Foster
Co., San Antonio, Tex. 78209.

Operating and Maintenance Manual for Type 1210 Comparator, David W,
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Handbook for AS-1181, Automated Analytical Stereoplotter, vol. 1-6 and
Magnetic Tape Attachment Manual, Bendix Research Lab,

Precision Instruments for Photogrammetry, PI-90te~11.71, Wild-
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Prepositioning and Photoelectric Setting System Model 975 for
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PHOTOINTERPRETATION CAPABILITIES

General

The photointerpretation section has extensive capabilities to view,
read, print, and process imagery from Earth resources sensors. wWork
can be discussed with L. C. Wade, TPS, 713-883-3611. The following
equipment is used by this section to aid in analvsis of Barth resonrce

data.

Model 91 Film Yiever/Printer

The model 91 viewer/printer is designed for convenient viewing of long
rolls of film and making black-and-white negative prints of individual
frames on demand. This machine accepts all film sizas from 35
millimeters to 9.5 inches. The input is the film to be vieved. The
output is the visual display plus an 18- by 24-inch print of the scene
vievwed. Magnification can vary from 4X to 32¥ with three different
lens settings, This machine is located in roon 242, building 17.

Ttek RdAitive Color Viewer/Printer (ACV/P)

The Ttek ACVP is a photo-optical device vwhich has the ability to
enlarge, superimpose and register up to four separate black-and-white
transparencies for viewing, printing, or color emhancement. The
magnification ranges from 7.98% to 8.02X, with BY being nominal.
Inputs are transparencies up to 70-millimeter wide. The ountputs are
images from all four channels which are folded by two high-quality
mirrors and converged onto the screen/printing plane to be viewad or
for prints to be made. Color transparencies, or color negatives can
be made and there is an adapter for Polarcid packs. This machine is
located in room 233, building 17.

AR:109 Viever/Printer. Proiection. Photographic

The AR-109 viewer, prodection, rhotographic rachine is a film viewver
with inputs of any size film from 35 millimeters thraugh 9-1/2 inches.
The outputs are the display screens for visual observations.
Magnification of the film is possible at 2.5X, 5Y, 10X, and 22%. Film
annotation at the film gate or on the lighttable, +180-degree rotation
of the projected imaqe, and image translation in the ¥ and ¥ direction
by joystick control are available. The lighttable has a mount that
vill accommodate any Bausch and Lonb stercoscope for detailed vieving.
This machine is located in room 242, builading 17.
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Yariable Width, Pear Prolection Film Viewer, Model AM-&
The variable width, rear projection film viewer, model AM-K is a roll
tfilm viever that accepts any file from 35 nillimeters to 9-1/2 inches
irn rolls uwp to 1000 feet long. The input is the film to be viewed.

The output is the visnal display, plus the capability of making a
print of the frame being viewed. Magnification of the film is
possible at 3X, 8Y, 24%, and 32%. 1 108-deqree rotation of the
projected imaqe and image translation in the ¥ and Y direction by
foystick contrbl is available. This machine is located in room 242,
building 17.

Bodel V/B 100 _Film Viewer/Reader

The Traid Model V/R-100 film viewer/reader is a self-contained systenm
for viewing film images on the viewing screen. This machine accepts
roll film of 16-, 35-, and 70-millimeter widths. The input is the
film to be viewed., The output is a 20- by 24-~-inch visuval display,
plus a printout of X-Y coordinate measurements and frame numbers. A
180-degree rotation and an image translation in the X-Y direction is
available. This machine is lecated in room 242, building 17.

The data block reader is intended to read and record only the code
matrix block (CMB) data from the Apollo metric camera system. This
systen includes the metric camera and an attached stellar camera. The
input is the film in wvhich the data block is to be read. The output
is a tape with the data block information. A printout of the tape
lists the frame number, tinme, altitude, and shutter speed of =ach
exposure. This machine is located in room 242, building 17.

Bultisensor Takeup_ Table

The multisensor takeup (NSTU) table is a film viewing instrument with
two separate film tracks. 'This machine will accept any size film up
to 9-1/2 inches and will accommedate transparenciéé'as large as 9 by
18 inches. The input is the film to be viewed, and the output is the

visnal display.

Each of the U 10- by 20-inch viewing areas emplovs a vacuum mask
asserbly for holding the film flat on the i1luminated surface. The
B5TU can use any of three Bausch and Lomb optical sterecoscopes (zoom
70, zoom 95, and the versatile stereoscope). There are three of these
machines located in room 242, building 17.
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The rear-prajection film-reader system model 705Y provides hiah
resolution rear-projection display of a variety of motion picture and
still ochototransparencies. This machine accepts film from 35
millimeters to 9-1/2 inches. The .inputs are the transparencies to be
viewed. The output is the visual display (magnification of 5%, 10X,
or 27X) and the capahility of measurements in the X-Y direction, plus
a printout of the data. The printout records the frame number, the
measurements in the X and Y direction, and also the rotation angle (up
to 180 degrees). This machine is located in room 282, building 17.

The Bausch and Lomb zoom transferscope has the capability of using a
photograph and map of the same area and by the use of light
intensities superimposing the two and producing a single image to
locate areas or points to be plotted. The inputs are photographs and
maps. The outputs are the annotated maps having information from the
photographs placed on the map. There is the capahility of using lens
changes to reduce the transparencies viewer by 0.2 and of enlarging
the map viewer hy 8#X. There is also the capability of enlaraing both
images simultaneonsly from 1X through 7¥. This machine is located in
room 242, bailding 17.

Data_additive Color System

The data additive color system is a closed-circuit television systenm
that displays black-and-white transparencies on a screen. Color can
be added according to the densities expressed on the film, making it
possible to determine areas that probably have the same or similar
surface vegetation or cover. The input is a black-and-white film.
The ountput is the visual display with color added. This machine is
located in room 242, building 17. ¢

I15_Model 6000 Color Additive Viewer

The model 6000 color additive viewer accepts 70-pillimeter film chips
and 9-1/2-inch multiband film and has a four chamnel (clear, red,
blue, and green) color filter system to enhance the film being viewed.
The inputs are black-and-white 70-millimeter £ilm chips and 9-1/2-inch
multiband roll film. The output is the visual display and there is
the capability for making a negative or film transparency of the

viewed scene. This machine is located in room 242, huilding 17.
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